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@ High-frequency low-pass filter.

@ A high-frequency low-pass filter includes a first
dielectric layer (12). A second dielectric layer (18), a
third dielectric layer (26), a fourth dielectric layer
(32), and a fifth dielectric layer (38) are laminated on
the first dielectric layer (12). An earth electrode (14)
is formed on the first dielectric layer (12). A first
capacitive open-circuited stub electrode (20) , a sec-
ond capacitive open-circuited stub electrode (22)
and a third capacitive open-circuited stub electrode
(24) are formed on the second dielectric layer (18).
A first strip line electrode (28) and a second strip
line electrode (30) are formed on the third dielectric
layer (26). The first and second strip line electrodes
are formed as meander lines. A shield electrode (34)
is formed on the fourth dielectric layer (32).

Rank Xerox (UK) Business Services
(3.10/3.6/3.3.1)



1 EP 0 566 145 A2 2

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a high-fre-
quency low-pass filter and more particularly o the
high-frequency low-pass filter having a strip line
electrode for using as an inductor.

Description of the Prior Art

Fig. 15 is a perspective view showing an exam-
ple of a conventional high-frequency low-pass filter.
The high-frequency low-pass filter 1 shown in Fig.
15 includes a dielectric substrate 2. On whole one
main surface of the dielectric substrate 2, an earth
electrode 3 is formed. On center of the other main
surface of the dielectric substrate 2, two microstrip
line electrodes 4a and 4b as a first and a second
inductors are formed. Furthermore, on the other
main surface of the dielectric substrate 2, a first
capacitive open-circuited stub electrode 5a as a
part of a first capacitor and an input electrode 6a
as an input terminal are formed extending from one
end of one microstrip line electrode 4a, a second
capacitive open-circuited stub electrode 5b as a
part of a second capacitor is formed extending
from the other end of one microstrip line electrode
4a and one end of the other microstrip line elec-
trode 4b, and a third capacitive open-circuited stub
electrode 5¢ as a part of a third capacitor and an
output electrode 6b as an output terminal are
formed extending from the other end of the other
microstrip line electrode 4b.

Fig. 16 is a perspective view showing another
example of a conventional high-frequency low-pass
filter. Compared with the high-frequency low-pass
filter shown in Fig. 15, in the high-frequency low-
pass filter 1 shown in Fig. 16, three chip capacitors
7a, 7b and 7c instead of three capacitive open-
circuited stub electrodes are used.

The high-frequency low-pass filters 1 shown in
Fig. 15 and Fig. 16 have an equivalent circuit
shown in Fig. 17 in a form of concentrated con-
stant, respectively. That is, the high-frequency low-
pass filters 1 shown in Fig. 15 and Fig. 16 have an
input terminal IN and an output terminal OUT,
respectively. Between the input terminal IN and the
output terminal OUT, the first and the second in-
ductors L1 and Lz are connected in series. Further-
more, the input terminal IN is grounded through the
first capacitor C1, the connecting point between the
first and the second inductors L1 and Lz is ground-
ed through the second capacitor C, and the output
terminal OUT is grounded through the third capaci-
tor Cs.

In the conventional examples shown in Fig. 15
and Fig. 16, when a stray capacitance between the
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earth electrode and the microstrip line electrode is
increased, an inductive impedance between both
ends of the microstrip line electrode is decreased,
it is difficult to miniaturize and adapt in a lower
frequency, respectively.

Furthermore, in the conventional examples
shown in Fig. 15 and Fig. 16, when the stray
capacitance between the earth electrode and the
microstrip line electrode is increased, a frequency
wherein the impedance between both ends of the
microstrip line electrode turns into a capacitive
impedance lowers, it is difficult to adapt in a higher
frequency, respectively.

Also, in the conventional examples shown in
Fig. 15 and Fig. 16, an unnecessary passband is
generated by resonance in the frequency on the
wavelength of AN/(2 /e, ) wherein X\ is the line
length of the microstrip line electrode, ¢, is the
relative dielectric constant around the microstrip
line electrode, and N is an integral number, there-
fore, a good spurious characteristic is not obtained,
respectively.

SUMMARY OF THE INVENTION

Therefore, it is a primary object of the present
invention to provide a high-frequency low-pass filter
having a good spurious characteristic.

A high-frequency low-pass filter according to
the present invention is a high-frequency low-pass
filter comprising a strip line electrode used as an
inductor, a capacitive open-circuit stub electrode
connected to the strip line electrode, and a capaci-
tor formed between the strip line electrode and the
capacitive open-circuited stub electrode and con-
nected to the inductor in parallel, wherein the par-
allel resonance frequency between the inductor
and the capacitor is approximately the frequency
on the wavelength of M(2 /¢, ) wherein ) is the line
length of the strip line elecirode, and ¢, is the
relative dielectric constant around the strip line
electrode.

In the high-frequency low-pass filter according
to the present invention, since the parallel reso-
nance frequency between the inductor and the
capacitor is approximately the frequency on the
wavelength of M(2 /¢, ) wherein X is the line length
of the strip line elctrode, and ¢ is the relative
dielectric constant around the strip line electrode,
an unnecessary passband by resonance in the
frequency on the wavelength of A\N/(2 /¢, ) wherein
N is an integral number is suppressed. Thus, a
spurious characteristic is improved.

According to the present invention, a high-
frequency low-pass filter having a good spurious
characteristic is obtained.

Also, in the high-frequency low-pass filter ac-
cording to the present invention, since the strip line
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electrode is used as the inductor and the capacitive
open-circuited stub electrode is used, it can be
formed in a laminated structure, therefore, it can be
miniaturized, it can be manufactured as a surface
mount device.

It is another object of the present invention to
provide a high-frequency low-pass filter which sup-
presses the generation of spurious response and
has a preferable frequency characteristic.

Another high-frequency low-pass filter accord-
ing to the present invention is a high-frequency
low-pass filter comprising a first dielectric layer, an
earth electrode formed on the first dielectric layer,
a second dielectric layer formed on the first dielec-
tric layer and sandwiching the earth electrode be-
tween the first dielectric layer and the second
dielectric layer, a capacitive open-circuited stub
electrode formed on the second dielectric layer
and opposite to the earth electrode, a third dielec-
tric layer formed on the second dielectric layer and
sandwiching the capacitive open-circuited stub
electrode between the second dielectric layer and
the third dielectric layer, and two strip line elec-
trodes formed on the third dielectric layer and
connected to the capacitive open-circuited stub
electrode, wherein the surface areas of the two
strip line electrodes are different from each other.

In another high-frequency low-pass filter, a ca-
pacitance is formed between the earth electrode
and the capacitive open-circuited stub electrode.
Furthermore, two inductances are formed by the
two strip line electrodes. The high-frequency low-
pass filter is made by the inductances and the
capacitance. In the high-frequency low-pass filter,
since the surface areas of the two strip line elec-
trodes are different from each other, a capacitance
formed between one strip line electrode and other
electrodes is different from a capacitance formed
between the other strip line electrode and the other
electrodes. Consequently, resonance points gen-
erated in a high frequency band are different each
other and hence do not overlap with each other.

According to the present invention, since reso-
nance points generated in a high frequency band
are different each other and hence do not overlap
with each other, a great spurious response is not
generated. Accordingly, the high-frequency low-
pass filter provides a preferable frequency char-
acteristic.

The above and further objects, features and
advantages of the present invention will be more
fully apparent from the following detailed descrip-
tion of the embodiments with accompanying draw-
ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing a high-
frequency low-pass filter according to an embodi-
ment of the present invention.

Fig. 2 is an exploded perspective view showing
a laminate of the high-frequency low-pass filter of
Fig. 1.

Fig. 3 is an equivalent circuit diagram of the
high-frequency low-pass filter of Fig. 1 in a form of
concentrated constant.

Fig. 4 is a graph showing the frequency char-
acteristic of the high-frequency low-pass filter of
Fig. 1.

Fig. 5 is a graph showing a frequency char-
acteristic of a comparison example.

Fig. 6 is an exploded perspective view showing
a laminate of another embodiment of the present
invention.

Fig. 7 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of a
first strip line electrode and that of a second strip
line electrode is 0 um.

Fig. 8 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of
the first strip line electrode and that of the second
strip line electrode is 50 um.

Fig. 9 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of
the first strip line electrode and that of the second
strip line electrode is 100 um.

Fig. 10 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of
the first strip line electrode and that of the second
strip line electrode is 200 um.

Fig. 11 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of
the first strip line electrode and that of the second
strip line electrode is 300 um.

Fig. 12 is a graph showing the frequency char-
acteristic of a high-frequency low-pass filter ob-
tained when the difference between the length of
the first strip line electrode and that of the second
strip line electrode is 400 um.

Fig. 13 is an exploded perspective view show-
ing a modified example of the laminate shown in
Fig. 6.

Fig. 14 is an equivalent circuit diagram of the
high-frequency low-pass filter comprising the lami-
nate shown in Fig. 13.

Fig. 15 is a perspective view showing an exam-
ple of a conventional high-frequency low-pass filter.
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Fig. 16 is a perspective view showing another
example of a conventional high-frequency low-pass
filter.

Fig. 17 is an equivalent circuit diagram of the
conventional examples shown in Fig. 15 and Fig.
16 in a form of concentrated constant.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Fig. 1 is a perspective view showing a high-
frequency low-pass filter according to an embodi-
ment of the present invention. The high-frequency
low-pass filter 10 includes a laminate 11 which is,
for example, 5.7mm wide, 5.0mm long, and 2.0mm
thick.

As shown in Fig. 2, the laminate 11 includes a
first dielectric layer 12. An earth electrode 14 is
formed on the entire surface of the first dielectric
layer 12 except the periphery thereof. Six drawing
terminals 16a, 16b, 16¢c, 16d, 16e and 16f are
formed in the direction from the earth electrode 14
toward the edges of the first dielectric layer 12.
The drawing terminals 16a and 16b are formed in
the direction from the earth electrode 14 toward
one edge of the first dielectric layer 12 with a
distance between the drawing terminals 16a and
16b. The drawing terminals 16¢c and 16d are
formed in the direction from the earth electrode 14
toward the opposite edge of the first dielectric layer
12 with a short distance between both drawing
terminals 16¢ and 16d in the vicinity of the center
of the edge. The drawing terminals 16e and 16f are
formed in the directions from the earth electrode
14 toward the another opposite edges of the first
dielectric layer 12.

A second dielectric layer 18 is laminated on
the earth electrode 14. A first capacitive open-
circuited stub electrode 20, a second capacitive
open-circuited stub electrode 22 and a third ca-
pacitive open-circuited stub electrode 24 which
comprise a part of first, second and third capacitors
are formed on the second dielectric layer 18. The
second capacitive open-circuited stub electrode 22
is formed in the vicinity of the center of one edge
of the second dielectric layer 18. The first capaci-
tive open-circuited stub electrode 20 and the third
capacitive open-circuited stub electrode 24 are
formed in the vicinity of the other edge of the
second dielectric layer 18 with a distance there-
between. The first, second, and third capacitive
open-circuited stub electrodes 20, 22, and 24 are
opposite to the earth electrode 14. Two connecting
terminals 22a and 22b are formed in the direction
from the second capacitive open-circuited stub
electrode 22 toward one edge of the second di-
electric layer 18. The connecting terminals 22a and
22b are formed in the vicinity of the center of the
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edge of the second dielectric layer 18 with a short
distance therebetween. Connecting terminals 20a
and 24a are formed in the direction from the first
and third capacitive open-circuited stub electrodes
20 and 24 toward the other edge of the second
dielectric layer 18 with a distance therebetween.

A third dielectric layer 26 is laminated on the
first, second and third capacitive open-circuited
stub electrodes 20, 22 and 24. A first strip line
electrode 28 and a second strip line electrode 30
which are used as first and second inductors are
formed on the third dielectric layer 26. The first
and second strip line electrodes 28 and 30 are
formed as meander lines in the direction from one
edge of the third dielectric layer 26 toward the
other edge thereof. In this case, a portion of the
first strip line electrode 28 is formed opposite to
the first and the second capacitive open-circuited
stub electrodes 20 and 22, for forming a capacitor
which is parallel resonated with the inductor of the
first strip line electrode 28. Furthermore, a portion
of the second strip line electrode 30 is formed
opposite to the second and the third capacitive
open-circuited stub electrodes 22 and 24, for for-
ming a capacitor which is parallel resonated with
the inductor of the second strip line electrode 30.
One end 28a of the first strip line electrode 28 is
formed at a position corresponding to the position
of the connecting terminal 22a of the second ca-
pacitive open-circuited stub electrode 22, and the
other end 28b of the first strip line electrode 28 is
formed at a position corresponding to the position
of the connecting terminal 20a of the first capaci-
tive open-circuited stub electrode 20. One end 30a
of the second strip line electrode 30 is formed at a
position corresponding to the position of the con-
necting terminal 22b of the second capacitive
open-circuited stub electrode 22, and the other end
30b of the second strip line electrode 30 is formed
at a position corresponding to the position of the
connecting terminal 24a of the third capacitive
open-circuited stub electrode 24.

A fourth dielectric layer 32 is laminated on the
first strip line electrode 28 and the second strip line
electrode 30. A shield electrode 34 is formed on
the entire surface of the fourth dielectric layer 32
except the periphery thereof. Six drawing terminals
36a, 36b, 36¢, 36d, 36e and 36f are formed in the
direction from the shield electrode 34 toward edges
of the fourth dielectric layer 32. The drawing termi-
nals 36a and 36b are formed in the direction from
the shield electrode 34 toward one edge of the
fourth dielectric layer 32 with a distance there-
between. The drawing terminals 36¢ and 36d are
formed in the direction from the shield electrode 34
toward the other edge of the fourth dielectric layer
32 with a short distance therebetween in the vi-
cinity of the center of the edge. The drawing termi-
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nals 36e and 36f are formed in the directions from
the shield electrode 34 toward the another opposite
edges of the fourth dielectric layer 32. A fifth di-
electric layer 38 is laminated on the shield elec-
trode 34.

Ten outer electrodes 40a, 40b, 40c, 40d, 40e,
40f, 40g, 40h, 40i, and 40j are formed on sides of
the laminate 11 as shown in Fig. 1. The four outer
electrodes 40a-40d are formed on one side of the
laminate 11 while the other four outer electrodes
40e-40h are formed on the other side thereof. And,
the outer electrodes 40i and 40j are formed on
another opposite sides of the laminate 11. The
outer electrodes 40a-40j are formed from the upper
surface to the lower surface via the side surface of
the laminate 11.

The outer electrodes 40a, 40d, 40f, 40g, 40i
and 40j are connected to the drawing terminals
16a, 16b, 16¢c, 16d, 16e and 16f of the earth
electrode 14 respectively, and connected to the
drawing terminals 36a, 36b, 36¢, 36d, 36e and 36f
of the shield electrode 34 respectively. The outer
electrode 40b is connected o one end 28a of the
first strip line electrode 28 and the connecting
terminal 22a of the second capacitive open-cir-
cuited stub electrode 22. The outer elecirode 40e
is connected to the other end 28b of the first strip
line electrode 28 and the connecting terminal 20a
of the first capacitive open-circuited stub electrode
20. The outer electrode 40c is connected to one
end 30a of the second strip line electrode 30 and
the connecting terminal 22b of the second capaci-
tive open-circuited stub electrode 22. The outer
electrode 40h is connected to the other end 30b of
the second strip line electrode 30 and the connect-
ing terminal 24a of the third capacitive open-cir-
cuited stub electrode 24.

The high-frequency low-pass filter 10 is formed
as follows: Electrode paste is applied to each di-
electric ceramic green sheet in the configuration of
each electrode and each terminal and baked with
dielectric ceramic green sheets laminated one on
the other. At this time, the number of the ceramic
green sheets is adjusted according to the thickness
of each dielectric layer. In order to form the outer
electrodes, the raw laminate on which the electrode
paste has been applied is baked together, or sin-
tered laminate on which the electrode paste is
applied is baked.

As shown in Fig. 3, the high-frequency low-
pass filter 10 has an equivalent circuit comprising
first and second inductors L and L, and first,
second, and third capacitors Cy, Cz, and Cz con-
nected with each other in a ladder-type. Meanwhile,
between the first, the second and the third capaci-
tors Cq, C2 and Cs and the earth potential, parasitic
inductances Li1, L12 and L1z based on the earth
electrode 14 and so on are generated, respectively.
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Also, in the high-frequency low-pass filter 10,
between the first inductor L1 and the earth, a stray
capacitance Co1 and a parasitic inductance Lot are
generated in series, between the second inductor
L, and the earth, a stray capacitance Co» and a
parasitic inductance Lo> are generated in series.
The stray capacitance Co1 is generated between
the first strip line electrode 28 and other electrodes
such as the earth electrode 14 and the shield
electrode 34. Similarly, the stray capacitance Co»
is generated between the second strip line elec-
tfrode 30 and other electrodes such as the earth
electrode 14 and the shield electrode 34.

Furthermore, in the high-frequency low-pass
filter 10, a capacitor C11 is connected to the first
inductor Ly in parallel, a capacitor C12 is connected
to the second inductor L, in parallel.

In this case, the capacitance of one capacitor
C11 is selected so as to approximately coincide the
parallel resonance frequency between the first in-
ductor L1 and the capacitor C11 with the frequency
on the wavelength of M(2 /¢, ) wherein ) is the line
length of the first inductor Ly (the first strip line
electrode 28), and ¢, is the relative dielectric con-
stant around the first strip line electrode 28. Also,
the capacitance of the other capacitor Ci2 is se-
lected so as to approximately coincide the parallel
resonance frequency between the second inductor
L> and the capacitor C12 with the frequency on the
wavelength of M(2 /¢, ) wherein X is the line length
of the second inductor L, (the second strip line
electrode 30), and ¢, is the relative dielectric con-
stant around the second strip line electrode 30.

Therefore, in the high-frequency low-pass filter
10, unnecessary passbands by resonance in the
frequencies on the wavelengths of \N/(2 /¢, ) asso-
ciated with the first and the second strip line elec-
trodes 28 and 30 wherein N is an integral number
are suppressed, the spurious characteristic is good.

Meanwhile, in the embodiment, the capacitance
of the capacitor C11 can be controlled by changing
the thickness of the third dielectric layer 26, an
opposite surface area or an opposite distance be-
tween the first and the second capacitive open-
circuited stub electrodes 20 and 22 and the first
strip line electrode 28. When the thickness of the
third dielectric layer 28 is thin, the capacitance is
great. When the opposite surface area between the
first and the second capacitive open-circuited stub
electrodes 20 and 22 and the first strip line elec-
tfrode 28 is great, the capacitance is great. For
changing the opposite surface area between these
electrodes, configurations or positions of these
electrodes may be changed.

Similarly, the capacitance of the other capacitor
C12 can be controlled by changing the thickness of
the third dielectric layer 28, the opposite surface
area or the opposite distance between the second
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and the third capacitive open-circuited stub elec-
trodes 22 and 24.

As experiments, measurements were carried
out on the attenuation and reflectional loss of the
embodiment and a comparison example wherein
each parallel resonance frequency is not the fre-
quency on the wavelength of AN/(2 /¢, ) associated
with each strip line electrode in the embodiment.
The frequency characteristics of the embodiment
and the comparison example are shown in Fig 4
and Fig. 5, respectively.

As apparent from the graphs shown in Fig. 4
and Fig. 5, though the comparison example has an
unnecessary passband deteriorated the spurious
characteristic about 6.8 GHz, such an unnecessary
passband is suppressed and the spurious char-
acteristic becomes good in the embodiment.

As above-mentioned, when the parallel reso-
nance frequency between the inductor and the
capacitor is approximately the frequency on the
wavelength of M(2 /¢, ) associated with the strip
line electrode, an unnecessary passband in the
frequency on the wavelength of \N/(2 /¢, ) asso-
ciated with strip line electrode is suppressed, the
spurious characteristic becomes good.

Meanwhile, in the above-mentioned embodi-
ment, the electrodes 20, 22 and 24 work a notch
filter in the frequency on 1/4 wavelength of the
length thereof, an attenuation pole is generated in
the frequency, respectively. Thus, when these fre-
quencies are shifted into an integral times cutoff
frequency, the attenuation by higher harmonic of
the cutoff frequency can be increased.

Also, though the above-mentioned embodiment
has two sets of parallel resonance circuits consist-
ing of two inductor and two capacitor, the present
invention is applied to a high-frequency low-pass
filter having one, three or more parallel resonance
circuits, t0o. In this case, the parallel resonance
frequency between the inductor of the strip line
electrode and the capacitor may be approximately
the frequency on the wavelength of M2 /e )
associated with the strip line electrode wherein \ is
the line length of the strip line electrode, and ¢, is
the relative dielectric constant around the strip line
electrode.

Fig. 6 is an exploded perspective view showing
a laminate of another embodiment of the present
invention. Compared with the embodiment shown
in Fig. 1 through Fig. 4, in the embodiment used
the laminate shown in Fig. 6, the length of the first
strip line electrode 28 is different from that of the
second strip line electrode 30.

In the embodiment, the capacitor C11 produces
an unnecessary resonance point in a high fre-
quency band which is the resonance frequency
associated with the first inductor Ly. Similarly, the
capacitor Cy2 produces an unnecessary resonance
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point in a high-frequency band which is the reso-
nance frequency associated with the second induc-
for L».

In this embodiment, the length of the first strip
line electrode 28 is different from that of the sec-
ond strip line electrode 30. Consequently, there is
a difference between the capacitance of the capaci-
tors Cy1 and Cy2. As a result, the frequencies at
the resonance points have divergence and thus the
resonance points do not overlap with each other in
the same frequency. Accordingly, the generation of
spurious response can be suppressed in some
degree.

As experiments, measurements were carried
out on the attenuation and reflectional loss of high-
frequency low-pass filters in which the difference
between the length of the first strip line electrode
28 and that of the second strip line electrode 30 is
0 um, 50 um, 100 um, and 200 um, 300 um, and
400 um. The frequency characteristics of the high-
frequency low-pass filters are shown in Fig. 7
through Fig. 12.

In the high-frequency low-pass filter in which
the difference between the length of the first strip
line electrode 28 and that of the second strip line
electrode 30 is 0 um, the attenuation becomes
approximately 14 dB at a frequency of approxi-
mately 4.4 GHz as shown in Fig. 7.

In the high-frequency low-pass filter in which
the difference between the length of the first strip
line electrode 28 and that of the second strip line
electrode 30 is 40 um, the attenuation becomes
approximately 17 dB at a frequency of approxi-
mately 4.4 GHz as shown in Fig. 12.

As apparent from the above description, fre-
quency characteristic having a small amount of
spurious response can be obtained by differentiat-
ing the length of the first strip line electrode 28 and
that of the second strip line electrode 30 from each
other.

Fig. 13 is an exploded perspective view show-
ing a modified example of the laminate shown in
Fig. 6. Fig. 14 is an equivalent circuit diagram of
the high-frequency low-pass filter used the lami-
nate shown in Fig. 13. Compared with the embodi-
ment used the laminate shown in Fig. 6, in the
embodiment used the laminate 11 shown in Fig.
13, the earth electrode 14 is not opposite to the
first capacitive open-circuited stub electrode 20
and the third capacitive open-circuited stub elec-
trode 24, and the capacitors Ci and C; are not
formed. It is possible that the capacitors C1 and Cs
are not formed. Similarly, in the embodiment
shown in Fig. 1 through Fig. 4, it is possible that
the capacitors Ciand Cs are not formed.

In order to differentiate the capacitance to be
formed between the first strip line electrode 28 and
other electrodes from the capacitance to be formed
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between the second strip line electrode 30 and
other electrodes, the width of the first strip line
electrode 28 and that of the second strip line
electrode 30 may be differentiated from each other
instead of differentiating the length of the first strip
line electrode 28 and that of the second strip line
electrode 30 from each other. That is, the opposite
area between the first strip line electrode 28 and
the other electrodes is different from the opposite
area between the second strip line electrode 30
and the other electrodes by differentiating the width
of the first strip line electrode 28 from that of the
second strip line electrode 30. As a result, the
capacitance to be formed between the first strip
line electrode 28 and the other electrodes is dif-
ferent from the capacitance to be formed between
the second strip line electrode 30 and the other
electrodes. Furthermore, in each of the embodi-
ments, it is possible to adjust the capacitance by
changing the opposite distance between the strip
line electrode and the capacitive open-circuited
stub electrode.

In the embodiments shown in Fig. 6 through
Fig. 13, the high-frequency low-pass filter has two
strip line electrodes, but it may comprise three or
more strip line electrodes. In this case, the surface
areas of all strip line electrodes are differentiated
from each other.

As described above, the high-frequency low-
pass filter is as small as 5.7mm x 5.0mm x 2.0mm
and has a small spurious response. In addition, in
the high-frequency low-pass filter of the present
invention, insertion loss in a passband is less than
0.6 dB and the attenuation more than 20 dB can be
secured in the range from the passband until 9
GHz.

Meanwhile, in the present invention, a micro-
strip line electrode may be used as a strip line
electrode.

It will be apparent from the foregoing that,
while the present invention has been described in
detail and illustrated, these are only particular il-
lustrations and examples and the invention is not
limited to these, the spirit and scope of the inven-
tion is limited only by the appended claims.

Claims

1. A high-frequency low-pass filter comprising:

a strip line electrode used as an inductor;

a capacitive open-circuit stub electrode
connected to said strip line electrode; and

a capacitor formed between said strip line
electrode and said capacitive open-circuited
stub electrode and connected to said inductor
in parallel,

wherein the parallel resonance frequency
between said inductor and said capacitor is
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approximately the frequency on the
wavelength of M(2 /e, ) wherein \ is the line
length of said strip line electrode, and ¢, is the
relative dielectric constant around said strip
line electrode.

A high-frequency low-pass filter according to
claim 1, which further comprises a first dielec-
tric layer;

an earth electrode formed on said first
dielectric layer;

a second dielectric layer formed on said
first dielectric layer and sandwiching said earth
electrode between said first dielectric layer and
said second dielectric layer; and

a third dielectric layer formed on said sec-
ond dielectric layer,

wherein said capacitive open-circuited stub
electrode is formed between said second di-
electric layer and said third dielectric layer and
opposite to said earth electrode, further

said strip line electrode is formed on said
third dielectric layer.

A high-frequency low-pass filter according to
claim 2, which further comprises a fourth di-
electric layer formed on said third dielectric
layer and sandwiching said strip line electrode
between said third dielectric layer and said
fourth dielectric layer; and

a shield electrode formed on said fourth
dielectric layer.

A high-frequency low-pass filter according to
claim 3, which further comprises a fifth dielec-
tric layer formed on said fourth dielectric layer
and sandwiching said shield electrode between
said fourth dielectric layer and said fifth dielec-
tric layer.

A high-frequency low-pass filter comprising:

a first dielectric layer;

an earth electrode formed on said first
dielectric layer;

a second dielectric layer formed on said
first dielectric layer and sandwiching said earth
electrode between said first dielectric layer and
said second dielectric layer;

a capacitive open-circuited stub electrode
formed on said second dielectric layer and
opposite to said earth electrode;

a third dielectric layer formed on said sec-
ond dielectric layer and sandwiching said ca-
pacitive open-circuited stub electrode between
said second dielectric layer and said third di-
electric layer; and

two strip line electrodes formed on said
third dielectric layer and connected to said
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capacitive open-circuited stub electrode,
wherein the surface areas of said two strip
line electrodes are different from each other.

A high-frequency low-pass filter according to
claim 5, wherein the lengths of said two strip
line electrodes are different from each other.

A high-frequency low-pass filter according to
claim 5, wherein the widths of said two strip
line electrodes are different from each other.

A high-frequency low-pass filter according to
claim 5, which further comprises a fourth di-
electric layer formed on said third dielectric
layer and sandwiching said two strip line elec-
trodes between said third dielectric layer and
said fourth dielectric layer; and

a shield electrode formed on said fourth
dielectric layer.

A high-frequency low-pass filter according to
claim 8, which further comprises a fifth dielec-
tric layer formed on said fourth dielectric layer
and sandwiching said shield electrode between
said fourth dielectric layer and said fifth dielec-
tric layer.

A high-frequency low-pass filter according to
claim 6, which further comprises a fourth di-
electric layer formed on said third dielectric
layer and sandwiching said two strip line elec-
trodes between said third dielectric layer and
said fourth dielectric layer; and

a shield electrode formed on said fourth
dielectric layer.

A high-frequency low-pass filter according to
claim 10, which further comprises a fifth di-
electric layer formed on said fourth dielectric
layer and sandwiching said shield electrode
between said fourth dielectric layer and said
fifth dielectric layer.

A high-frequency low-pass filter according to
claim 7, which further comprises a fourth di-
electric layer formed on said third dielectric
layer and sandwiching said two strip line elec-
trodes between said third dielectric layer and
said fourth dielectric layer; and

a shield electrode formed on said fourth
dielectric layer.

A high-frequency low-pass filter according to
claim 12, which further comprises a fifth di-
electric layer formed on said fourth dielectric
layer and sandwiching said shield electrode
between said fourth dielectric layer and said
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